Carcasses that do not conform to mainstream specifications (i.e., those with nonconforming ribeye area) may not achieve their full potential value. Research was conducted to evaluate the relationship between beef carcass LM area at the 12th and 13th rib interface (LMA) and portion size acceptability of other muscles in the carcass. Sixty beef carcass sides of varying LMA sizes (between 67.74 and 116.13 cm 2 ) were fabricated to generate 14 individual muscle cuts (triceps brachii long head, infraspinatus, chuckeye complexus, pectoralis profundus, longissimus thoracis, latissimus dorsi, gluteus medius, longissimus lumborum, tensor fasciae latae, psoas major, semimembranosus, biceps femoris, semitendinosus, and vastus lateralis). Retail portion size (g/1.27-cm-thick steak) as well as face surface area and dimensions were recorded for each steak cut perpendicular at the midpoint of the longitudinal axis of each muscle. Subsequently, a nationwide survey was conducted with foodservice chefs and retail meat merchandisers to evaluate acceptability of portion sizes and dimensions of individual muscle cuts. Simple linear regression and nonparametric regression analyses were used to evaluate results of the carcass muscle evaluation and survey, respectively. Results demonstrated that LMA did not affect (P < 0.05) retail portion size of 7 of the 14 muscles (chuckeye complexus, pectoralis profundus, psoas major, semimembranosus, tensor fasciae latae, triceps brachii, and vastus lateralis). Similarly, LMA did not affect (P < 0.05) surface area of steak cross-sectional face areas from 7 of the 14 muscles (chuckeye complexus, psoas major, semimembranosus, tensor fasciae latae, infraspinatus, vastus lateralis, and latissimus dorsi). Muscles for which carcass LMA (P < 0.05) was related to portion size or surface area of portion steaks, or both, were included in the survey. Results of the survey demonstrated that portion size for many muscles were still acceptable to retail merchandisers and foodservice chefs, even though carcass LMA was outside the range of commercially acceptable sizes. Results of this study demonstrated that carcass LMA is not an accurate determinant of the size, and subsequent acceptability, of many other muscles of beef in the carcasses, and may not be a good determinant of value of the beef carcass.
INTRODUCTION
In 2005, the National Beef Quality Audit (NBQA) showed that inconsistency in fresh beef product size and weight was a concern to the industry as the inconsistency in whole muscle product led to an inconsistency in portioning . Beef carcasses with LM areas at the 12th and 13th rib interface (LMA) of less than 71.0 cm 2 or greater than 103.2 cm 2 may be considered by some to be nonconforming (Savell, 2007) . In 2000, the NBQA reported that the percentage of carcasses with an LMA of less than 71.0 cm 2 or greater than 103.2 cm 2 were 7.9 and 5.3%, respectively (Smith et al., 2000) . In 2005, the NBQA data demonstrated that the percentages of carcasses with an LMA less than 71.0 cm 2 or greater than 103.2 cm 2 were 7.6% (Savell, 2007) and 7.8% (L. G. Garcia, Texas A&M University, College Station, personal communication), respectively. Additionally, current beef industry pricing mechanisms encourage beef producers to produce heavier cattle (Tatum et al., 2006) , often resulting in cattle with larger muscle sizes.
As a result of the large percentages of carcasses with nonconforming ribeyes, there was interest in determining if the size of muscles in the remainder of the carcass corresponds to the size of the LMA; and if so, are those muscles still within an acceptable size range for merchandising in the foodservice and retail sectors. Therefore, the first objective of this study was to determine if portion-size of muscles in the beef carcass can be accurately predicted by LMA of the carcass. The second objective was to measure acceptability of differing portion sizes for muscles in which size was related to carcass LMA.
MATERIALS AND METHODS
Meat samples were obtained from 2 federally inspected beef processing facilities in Colorado; therefore, Institutional Animal Care and Use Committee approval was unnecessary.
Carcass Dissection and Muscle Analysis
Between December 2006 and February 2007, beef sides from individual carcasses (n = 60) with varying ribeye sizes (ranging from 67.74 to 166.13 cm 2 ) were purchased from 2 commercial beef packing companies and transported, under refrigerated conditions (2 ± 1°C), to the Colorado State University Meat Laboratory for fabrication and dissection. Upon arrival at the Meat Laboratory, carcass sides were weighed to determine chilled carcass weight and fabricated into the following muscle cuts: North American meat processors (NAMP) # 114E clod heart, triceps brachii long head (TBL); NAMP #114D top blade, infraspinatus (IN); NAMP # 116H chuckeye, complexus (CHCOM); NAMP # 120A brisket flat, pectoralis profundus (DP); NAMP # 112C ribeye, longissimus thoracis (RLD); NAMP # 109B lifter meat, latissimus dorsi (LFT); NAMP # 184B top sirloin, gluteus medius (GM); NAMP # 180 1×0 strip loin, longissimus lumborum (SLLD); NAMP # 185 tri-tip, tensor fasciae latae (TFL); NAMP # 189A tenderloin, psoas major (PM); NAMP # 169A top round, semimembranosus (SM); NAMP # 171B outside round, biceps femoris (RBF); NAMP # 171C eye of round, semitendinosus (STD); and NAMP # 167F knuckle tip, vastus lateralis (VL).
Dimensions and weights of each subprimal muscle cut were recorded; dimensional measurements included maximum length (longitudinal axis of the muscle), maximum width (perpendicular to the longitudinal axis of the muscle), and maximum depth of the muscle (measured as the highest point with the cut lying on a flat, level, surface). Individual muscles were bisected at the midpoint along the longitudinal axis, and the cross-sectional surface of the resulting muscle face was measured for maximum depth and width. The crosssectional surface then was traced to obtain an area measurement. Surface area traces were measured using Meatscan Image Analyzer software (AEW Consulting, Lincoln, NE). After all dimensional measurements had been obtained; a steak (1.27 cm thick) was removed from each muscle and weighed.
Survey
An Internet-based computer-assisted telephone survey was used to determine purchaser portion-size acceptability thresholds for the 14 muscles dissected from the 60 beef carcass sides. The survey was conducted similarly to Internet-based computer-assisted telephone surveys used within the medical industry (Piamjariyakul et al., 2006) , which have proven to be accurate. Interviewees were subjected to conditions approved by the Human Use in Research Committee of Colorado State University. A list of the top 50 retail food outlets was obtained (Progressive Grocer, 2006) and, of those that were determined to sell fresh whole muscle beef products, the beef merchandisers of those companies were called and asked to participate in the survey. Additionally, in-person interviews were conducted when possible. Chefs were chosen from areas all around the United States who use beef in their cuisine. The chefs that were contacted represented small restaurants, large restaurant chains, and culinary instructors. Of the 195 retail meat merchandisers contacted, representing retail food outlets located around the United States, 34 completed the survey. Similarly, of the 105 chefs contacted from around the United States who use beef in their cuisine, 33 completed the survey.
Regression (SAS Inst. Inc., Cary, NC) was used to determine whether muscles had a portion size (mass/ unit thickness; grams/1.27-cm-thick steak) that varied linearly with the LMA of their respective carcass. Similarly, linear regression was used to assess the relationship between LMA and the cross-sectional surface area measurement of the midpoint of each muscle evaluated. These variables were regressed on LMA of each carcass side for the 14 muscles dissected from the carcasses. These muscles were chosen as representatives of their respective larger subprimals when multiple muscles were included in a specific subprimal (e.g., CHCOMlargest single muscle located within the chuck eye roll; NAMP # 116D). From these regression analyses, muscles determined to be related to LMA based on portion size and cross-sectional surface area at an α level of 0.05 were further evaluated in the Internet-based computer-assisted telephone survey.
Once the muscles requiring further evaluation were identified, simple linear regression equations were utilized to obtain the estimated length and width of the face of the respective muscles at 4 sizes of LMA (67.74, 83.87, 100 .00, and 116.13 cm 2 ), assuming LMA was an accurate predictor of the muscles. After the dimensional variables were obtained, a Web site was developed to display general images of the muscles and the crosssectional surface of the muscle along with descriptive characteristics associated with each muscle. The general image of the muscle was to aid the participant in orientation with what the muscle looked like, but by no means was the image of the muscle to be evaluated by the participant. The portion weight characteristics being evaluated were listed as portion-size weights from steaks cut at 1.27, 1.91, and 2.54 cm in thickness. Portion size weights of steaks cut at 1.91 cm thick and 2.54 cm thick were predicted from the 1.27-cm-thick portion steak cut during the carcass dissection phase of the study. The different thicknesses of steaks were for the participant to make their decision of acceptability based on the thickness of steak of which they normally merchandise, but should in no way affect the ultimate results of the survey. Additional descriptive characteristics included surface area of the face of a steak cut from the midpoint of the longitudinal axis of the subprimal-laterally, the length of the face, and the width of the face. Carcass LMA sizes 67.74, 83.87, 100.00, and 116.13 cm 2 were assigned a corresponding letter in ascending order from A to D, respectively. All measurements were displayed in English system units, which were more familiar to those participating in the survey than were metric units of measure. An example of a muscle portion-size evaluation Web page used to conduct the survey is provided in Figure 1 .
A standardized script was developed for the survey to ensure unbiased and concise results. The survey involved contacting the participants by telephone and having them go to a designated Web site at which the survey was conducted. Those surveyed were asked to state whether or not (yes or no) they merchandised the beef muscles listed on the survey Web site; the common names of the muscles were used for ease of understanding of the muscles being examined. Of the subprimals that received a yes response, the survey participant was then asked to evaluate the portion size characteristics listed under each letter of the respective muscle and to determine from those characteristics whether a portion (identified by a letter) was acceptable or unacceptable for their customer base.
Statistical Analysis
Simple descriptive statistics were calculated using PROC MEANS (SAS Inst. Inc.). Linear regression analysis of the independent variable (LMA) and the dependent variables, portion size (mass/unit thickness; g/1.27 cm thick steak) and surface area of the face at the midpoint-cut of a muscle (cm 2 ), were conducted using PROC REG (SAS Inst. Inc.). Simple correlation coefficients (r) between carcass LMA and dimensional parameters of various muscles were determined using PROC CORR (SAS Inst. Inc.). Descriptions of strength of correlation are in accordance with Devore and Peck (2005) . Curvilinear relationships were evaluated but were decided to be not applicable.
Frequency data (survey muscle acceptability results) were analyzed using the GLIMMIX procedure of SAS. Options specified in the analyses were binomial distribution and logit link function. Estimated parameters to fit logistic regression lines to survey results (muscle Beef portion size and ribeye area sizes) based on the equation
were derived using the GLIMMIX procedure of SAS. Carcass LMA was used as the independent variable in each regression equation estimating acceptability of muscle size in addition to the interaction between muscle size and user (chef or merchandiser). In all analyses, α was set at 0.05.
RESULTS AND DISCUSSION
Simple descriptive statistics of dimensions and portion characteristics of muscles evaluated are presented in Table 1 . The aggregate mean ± SD of all carcass chilled side weights and LMA were 175.3 ± 15.8 kg and 86.6 ± 9.4 cm 2 , respectively. Results of simple linear regression of LMA on the dependent variables of muscle portion weights (g/1.27-cm steak) and muscle midpoint cross-sectional surface area (cm 2 ; Table 2) revealed that portion weight for 7 of the 14 muscles (CHCOM, DP, PM, SM, TFL, TBL, and VL) was not related to LMA at α = 0.05 (P = 0.138, 0.101, 0.312, 0.074, 0.723, 0.189, and 0.394, respectively) . Similarly, portion cross-sectional surface area for 7 muscles (CH-COM, IN, LFT, PM, SM, TFL, and VL) was not related to LMA at α = 0.05 (P = 0.725, 0.106, 0.431, 0.089, 0.155, 0.523, and 0.239, respectively). Data showed no relationship between LMA and portion characteristics for 5 of the 14 muscles (CHCOM, PM, SM, TFL, and VL) when either of the dependent variables (muscle portion weights, midpoint cross-sectional surface area) was evaluated. However, 9 of the 14 muscles (RBF, STD, GM, SLLD, LFT, RLD, TBL, IN, and DP) evaluated for portion characteristics were related (P < 0.05) to LMA in one form or another. Results suggest that LMA is not a good predictor of individual muscle portion sizing characteristics for some muscles. Griffin et al. (1999) found similar results when they predicted muscle subprimal yields by use of the LMA of the carcass; they found weak correlations for which many were not different from zero (P > 0.05).
Simple correlations between muscle dimensional characteristics and LMA are displayed in Table 3 . As expected, portion characteristics for RLD had moderate to low moderate correlations with carcass LMA. Reason for the expected relationship is that the LMA is measured from the same muscle as the RLD portion measurements. Alternatively, portion characteristics for the SLLD had weak to very weak correlations with carcass LMA. Furthermore, most dimension variables had rather weak correlations with carcass LMA. Previous research has demonstrated that significant variation in size, eating quality, and other muscle characteristics, can and do exist within individual muscles of a beef carcass, specifically the LM (Reuter et al., 2002; Sweeter et al., 2005; Bass et al., 2008) .
Meat merchandisers and foodservice chefs across the nation were surveyed to assess relationships between LMA and retail portion size acceptability of the 9 remaining individual muscles (IN, LFT, DP, RBF, RLM, (12) 18.56 (11) 6.70 (14) 122.26 (17) 173.88 (25) SLLD, GM, TBL, STD) for which portion characteristics were related to carcass LMA (P < 0.05). The percentage of "Yes I merchandise" responses for each subprimal cut evaluated in the survey by foodservice chefs and retail merchandisers is reported in Table 4 .
Results from the survey were used to analyze the effects of user (chef or retail merchandiser) and LMA sizes on individual muscle portion size acceptability. No significant main effects or interactions between user and LMA sizes were reported for muscles IN and LFT (P > 0.05; data not shown). No differences between different sizes of LMA were reported for probability of acceptance of portion sizes from muscles IN and LFT (P > 0.05; data not shown); this suggests that LMA size does not affect the probability of acceptance of the portion sizes generated from IN and LFT muscles.
Least squares means ± SEM for probability of acceptance of the retail portion sizes by foodservice chefs and retail meat merchandisers from muscles STD, DP, RBF, TBL, RLD, SLLD, and GM generated from carcasses with LMA sizes of 67.74, 83.87, 100.00, and 116.13 cm 2 are reported in Figure 2 , along with predicted fitted logistic regression lines. Least squares means ± SEM for probability of acceptance of the retail portion sizes by foodservice chefs and retail meat merchandisers for RLD, SLLD, and GM generated from carcasses with LMA sizes of 67.74, 83.87, 100.00, and 116.13 cm 2 are reported in Figure 2 , along with predicted fitted logistic regression lines. Fit statistics of χ 2 /df (values closer to 1.00 indicate a closer fit) for the predicted lines of retail meat merchandisers were 1.02, 1.07, 1.02, 1.03, 1.02, 1.01, and 1.02 for the muscles STD, DP, RBF, TBL, RLD, SLLD, and GM, respectively. Fit statistics of χ 2 /df for the predicted lines of foodservice chefs were 1.03, 1.07, 1.02, 1.04, 1.02, 1.01, and 1.02 for the muscles STD, DP, RBF, TBL, RLD, SLLD, and GM, respectively.
According to Platter et al. (2005) , a probability of 0.50 or greater is required to attain favorable odds that end-users will find a product acceptable. Therefore, a probability of 0.50 or greater was used as a breakpoint in the current study to establish when a muscle portion size was acceptable or unacceptable to retail meat merchandisers or foodservice chefs based on the Internetbased computer-assisted telephone survey results.
For a USDA premium-branded program with a minimum LMA requirement of 70.97 cm 2 , 5 of the remaining 7 muscles examined in the survey (GM, RBF, SLLD, STD, and TBL) still produced acceptable portion sizes (0.50 or greater probability of acceptance) for chefs and merchandisers from carcasses with LMA that are outside the minimum specification (USDA, 2007a,b) . Based on USDA-branded carcass programs with maximum LMA sizes of 103.23 cm 2 , muscles not being fully valued that would otherwise be considered acceptable (0.50 or greater probability of acceptance) by chefs and retail merchandisers included DP, RLD, SLLD, and TBL (Figure 2) . The muscles GM and STD produced portion cuts that would be at or above the 0.50 probability of being acceptable from carcasses with LMA up to 109.68 cm 2 for retail merchandisers and foodservice chefs (Figure 2) . The muscles STD and RBF had fitted prediction regression lines that demonstrated a trend of increasing probability of acceptance as the carcass LMA became smaller when marketed to retail merchandisers; a similar trend was observed with the RBF and GM when those muscles were marketed to foodservice chefs. The CHCOM, SM, PM, TFL, and VL portion sizes and acceptability were not related to carcass LMA size. There was a quadratic relationship between the acceptability of the portion sizes from the muscles DP, TBL, RLD, SLLD, and GM and the LMA of the carcasses when marketed to retail meat merchandisers. Similarly, there was a quadratic relationship observed between the acceptability of the portion sizes from muscles Table 2 . Simple linear regression of dependent variables, muscle portion weights (g/1.27-cm steak), and muscle cross-sectional surface area (cm 2 ), and the independent variable, ribeye area Beef portion size and ribeye area STD, DP, TBL, RLD, and SLLD and the LMA of the carcasses when marketed to foodservice chefs indicating a range of acceptable size for those cuts. Although the 2005 NBQA makes note that nonconforming ribeye area size (i.e., too large or too small) is of concern to the beef industry, the data from the survey results in the current study demonstrate a wide range of ribeye area sizes that would produce acceptable portion sizes from many muscles within the beef carcass. Furthermore, research conducted by Sweeter et al. (2005) observed no difference in consumer preference between ribeye steaks cut from carcasses with extremely small to extremely large LMA (61 to 119 cm 2 ), concluding that LMA size was either not a factor or consumers existed for each size of LMA. Dunn et al. (2000) determined ideal carcass LMA to be between 77.4 and 96.6 cm 2 for foodservice and stated that tenderness, cooking time, and consistency were optimized in steaks produced from animals falling within the aforementioned LMA range. The current study would somewhat agree with the Dunn et al. (2000) findings; however, the greatest points of the fitted quadratic-shaped regression lines of the current study tended to be located above the LMA of the slightly larger carcass, demonstrating either a new trend in larger portion size preference or simply that different muscles will result in different portion-size preferences; the Dunn et al. (2000) study included only the SLLD muscle.
Results of the current study demonstrate that beef carcass ribeye area does not accurately predict the size and dimensions, and therefore ultimately the portionsize, of the CHCOM, SM, TFL, or VL muscles. Natural variation, in addition to breed, sex, live animal management, and maturity level of the animals (and subsequent carcass), may contribute to the lack of relationship between carcass ribeye area and other muscle size, portion size, and dimension variables. Furthermore, the desirability of the remaining muscles in a beef carcass does not necessarily coincide with the size of the beef carcass ribeye. These results indicated that carcass rib- Figure 2. Least squares means ± SEM and predicted acceptable probability regression lines for the carcass ribeye area at the 12th-and 13th-rib interface (LMA) chosen to be acceptable for retail meat merchandisers (○) and foodservice chefs (•) based on muscle portion-size characteristics. Predicted acceptable probability regression line for retail meat merchandisers eye area is not an accurate measurement when determining the ultimate value of a beef carcass and should therefore not be a determinant of the value of other muscles in the carcass.
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